Abstract Lung cancer is a leading cause of cancer mortality worldwide. Promoter methylation of transcription factor 21 (TCF21) was frequently observed in the early stage of nonsmall cell lung cancer (NSCLC). However, clinical relevance and molecular functions of TCF21 in NSCLC progression remain unclear. In this study, we analyzed the associations between TCF21 expression and clinicopathological features in 100 patients with NSCLC and revealed the underlying molecular mechanisms of TCF21 methylation on cell viability, apoptosis and invasion of H1299 cells. We found that the expression of TCF21 was significantly regulated by its methylation level in patients with NSCLC and was associated with tumor stage, metastasis and invasion. Demethylation of H1299 cells by 5-aza-2′-deoxycytine (5-Aza) demonstrated that a higher level of TCF21 expression led to remarkable decreases of cell viability and invasion ability but an increase of cell apoptosis. Accordingly, TCF21 knockdown showed converse results to high expression of TCF21. TCF21 knockdown cells exhibited significantly upregulated ATG-9, BECLIN-1, and LC3-I/II expressions but decreased p62 expression compared to wildtype cells. Inhibition of autophagy by 3-methyladenine (3-MA) elevated TCF21 expression and increased cell apoptosis. TCF21 expression is clinically related to the progress of lung cancer and may inhibit autophagy by suppressing ATG-9 and BECLIN-1. In turn, autophagy may also play an important role in regulation TCF21 expression.
Introduction
Lung cancer is a leading cause of cancer mortality worldwide. During last two decades, a steady increase in the lung cancer survival rate was observed in United States (Siegel et al. 2016) as a result of less tobacco use (Jemal et al. 2008 ) and development of earlier detection using low-dose computed tomographic (Aberle et al. 2011) . However, lung cancer remains the most common diagnosed cancer with high mortality rate in China where accounts for up to 50% of global burden (Ferlay et al. 2004; Howlader et al. 2015; Siegel et al. 2016) . It is mainly due to the continuing use of x-rays screening detection and long term of tobacco exposure (Hong et al. 2015) . Lung cancer is divided into two subtypes, small cell lung cancer (SCLC) and non-small cell lung cancer (NSCLC). More than 85% are NSCLC which is less aggressive than SCLC. Efficient early detection methods may remarkably improve the survival rate of patients with NSCLC.
DNA methylation has emerged as a potential source of biomarkers for different cancers. Numerous genes become hypermethylated in patients with cancers, leading to the silence of the genes, among which some are tumor suppressor genes (Ahmad et al. 2017) . This hypermethylation often occurs in a region containing repeats of phosphate-linked cytosine and guanine nucleotides, the 'CpG' islands. Among all of the about 45,000 CpG islands per haploid genome, up to 90% are methylated. Methylation status is associated with repression or promotion of gene expressions. Thus, by comparing gene methylation profiles between tumor and non-tumor tissues, several cancers such as breast, lung, and prostate cancers show significant differences in gene methylation (Conway et al. 2015; Tsou et al. 2007; Wang et al. 2012) . In 2006, Smith et al. evidenced that the transcription factor 21 (TCF21) is inactivated by aberrant promoter hypermethylation in head and neck, and lung cancers (Smith et al. 2006) . Restoration of TCF21 expression led to a significant decrease of proliferation of lung cancer cells and tumor growth in a mouse xenograft model. TCF21 is a specific class II basic helix-loop-helix transcription factor that is encoded TCF21 gene located on chromosome 6q23-q24. TCF21 was firstly identified to enhance the differentiation of mesenchymal cells into epithelial cells and plays important roles in embryonic development. TCF21 expression level is high during embryonic development and loss of TCF21 gene results in perinatal death due to its role in the development of kidney and lung (Guarino et al. 2007 ). After birth, its expression rapidly decreased in most tissues but maintained high in interstitial cells in several organs such as lung, intestine and kidney (Quaggin et al. 1999) . Promoter methylation of TCF21 was frequently observed in the early stage of NSCLC (Richards et al. 2011) , leading TCF21 to a potential candidate biomarker of lung cancer. However, clinical relevance and molecular functions of TCF21 in NSCLC progression remain unclear. In this study, we assessed methylation status of patients with lung cancer and found that the methylation level of TCF21 was associated with tumor progression. Deeper insights into the molecular mechanism were investigated.
Materials and methods

Patients and sample collections
A total of 100 patients who were diagnosed with NSCLC between June 2010 and October 2014 at the Peking University Shenzhen Hospital were enrolled in this study. Informed consent was signed by each patient. Medical records including age, gender and pathology outcomes such as tumor size, stage, metastasis, invasion were used for analysis in this study. Diagnosis was confirmed by at least two pathologists and staging was achieved by the results of hematoxylin and eosin stain according to the World Health Organization Classification of Tumors. All specimens were collected under the protocol approved by Peking University Shenzhen Hospital and fixed with formalin or embedded with paraffin. For each patient, we obtained 4 puncture points from each case of lung cancer tissue.
Cell culture and treatments
A549 and H1299 cells were obtained from American Type Culture Collection (ATCC, Manassas, VA, USA) and cultured in RPMI-1640 medium (Invitrogen, Carlsbad, CA, USA) supplemented with 10% fetal bovine serum (Gibco, Grand Island, NY, USA) and 100 U/mL streptomycin and 100 mg/mL penicillin at 37°C in a humidified atmosphere with 5% CO 2 . A549 and H1299 cells were treated with or without 5 μM of 5-aza-2′-Deoxycytidine (5-Aza, Sigma-Aldrich, St Louis, MO, USA) for 3 days and 5-Aza was replenished every 24 h. For 3-methyladenine (3-MA, Sigma-Aldrich, USA) treatment, cells were incubated with or without 3 mmol/L 3-MA for 2 days.
Immunohistochemistry
Immunohistochemical analysis employed 4 μm sections sliced from the specimens. The sections were deparaffinized by Xylene and subjected to antigen retrieval in 10 mmol/L of sodium citrate for 30 min in a boiling water bath. Then, the sections were incubated with a polyclonal rabbit antihuman TCF21 antibody (#ab32981, Abcam, Cambridge, UK), overnight at 4°C, and then incubated with a goat antirabbit Envision System Plus-HRP (Dako Cytomation, Carpinteria, CA, USA) for 30 min at room temperature. After washed with PBS for 3 times, the sections were stained by DAB for 1 min and then counterstained with Mayer hematoxylin (SigmaAldrich, USA). Serial sections were selected for hematoxylin and eosin staining as reference. According to the staining results, the intensity was estimated by compared to the control and percentage of positive-stained cells was calculated. The scores were allocated as follow: 0: negative (0%), 1: weak (1-25%), 2: moderate (25-50%), 3: strong (51-100%). For statistical analysis, we divided the TCF21 expression into low expression with scores of 0-2 and high expression with a score of 3.
RNA extraction and quantitative real-time reverse transcription polymerase chain reaction (qRT-PCR) Total RNA was extracted using a Trizol reagent (Invitrogen, Carlsbad, CA, USA) according to the manufacturer's instructions. The purity and quality of RNA were assessed by NanoDrop system (Thermo Scienti c, Wilmington, DE, USA). Reverse transcription to cDNA was performed using a PrimeScript™ 1st Strand cDNA Synthesis Kit (Takara Bio, Otsu, Japan). SYBR green qPCR assay (BioRad, Hercules, CA, USA) was used to detect the mRNA level of TCF21 on ABI 7500 system (Applied Biosystems, Foster City, CA, USA). β-actin was used as control to normalize the starting quantity of RNA. Primers used for TCF21 and β-actin are as follows: TCF21 Forward: 5′-GCCTTCTCCAGACT CAAGACCAC-3′, Reverse: 5′-CATAAAGGGCCACG TCAGGTTG-3′; β-actin Forward: 5′-GTCATTCCAAATAT GAGATGCGT-3′, Reverse: 5′-GCTATCACCTCCCC TGTGTG-3′.
DNA extract, methylation-specific PCR and global DNA methylation DNA from tissues or cell line was extracted Wizard Genomic DNA purification kit (Promega, Madison, WI, USA). Bisulfite converted with the kit EZ DNA Methylation-Gold Kit (Zymo Research, CA, USA) according to the manufacturer's protocol. Methylation-specific PCR was employed for detection of TCF21 promoter methylation. The primers for methylated DNA are as follow: forward, 5′-TTTG GTTAACGATAAATACGAGAACG-3′, reverse, 5′-CCTA AAAACTCTAAACCCGCGAT-3′, which produced a 198-bp band. The primers for unmethylated DNA are as follow: forward, 5′-TTTGGTTAATGATAAAT ATGAGAATGG-3′, reverse, 5′-TCCCTAAAAACTCTAAACCCACAAT-3′ (antisense), which produced a 200-bp band. The reaction mix comprised 0.5 μl bisulfited DNA under a condition of 94°C for 5 min followed by 35 cycles of 95°C for 30 s, 52°C for 30 s, 72°C for 40 s, and 72°C for 10 min. PCR products were subjected to 2% agarose gel electrophoresis at 120 V for 40 min. For global methylation detection, liquid chromatography-electrospray ionization/multi-stage mass spectrometry (LC-ESI/MS/MS) technique was employed as described previously stated using an Agilent 1200 series HPLC system (Dwi Putra et al. 2014) .
Cell viability and apoptosis assays
Cell viability was measured using the Cell Counting Kit-8 (Dojindo, Kamimashiki-gun Kumamoto, Japan). In brief, after treatment, cells were incubated in fresh medium containing 10% CCK8 at 37°C for 2 h. The results were detected at the absorbance of 450 nm using the Microplate Reader (Thermo Fisher, Waltham, Massachusetts, USA). For cell apoptosis assay, Annexin V-FITC Apoptosis Detection kit (BD Biosciences, San Diego, CA, USA) was used to measure the cell apoptosis ratio according to the manufacturer's instructions. Protein levels of cleaved PARP and Caspase-3 were detected by western blotting.
Activity of autophagy by testing p62 was verified by inhibiting the activity of apoptosis using inhibitor Z-VAD-FMK (20 mM for 20 min).
Cell invasion assay
Invasion assay was assesed using the Transwell Chamber (Transwell Permeable Supports, Corning, Inc., Corning, NY, USA). Briefly, 200 μl of cells suspended in cell medium containing 0.1% FBS, were added into the upper chamber while 500 μl of medium with 10% FBS was filled in lower chamber. After 24 h, cells migrated through the membrane were fixed with 70% alcohol, stained with crystal violet, and imaged using an inverted microscope (Nikon, Japan).
TCF21 knockdown
To establish a stable TCF21 knockdown cell line, oligonucleotides encoding shTCF21 as previous stated (Nurnberg et al. 2015) were inserted into pWPI lentiviral backbone (#12254, Addgene, Inc. MA, USA). ShTCF21 sequence is shown as follow: Gaattcgaacgctgacgtcatcaacccgctccaaggaatcgcgggcc cagtgtcactaggcgggaacacccagcgcgcgtgcgccctggcaggaagatggctgtgagggacaggggagtggcgccctgcaatatttgcatgtcgctatgtgttctgggaaatcaccataaacgtgaaatgtctttggatttgggaatcttataagttctgtatgagaccacagatctCCCTGGAGATGTTGGAATGTGACGGGTTGATT CAAGAGATCAACCCGTCACATTCCAACATCTCCATT TTTGGAAaagcttATCGAT. The shTCF21 constructs and pWPI vector were separately transfected with packaging vectors and Mission Lentiviral packaging mix (Sigma-Aldrich, USA) into HEK293T cells. After 48 h, cell media was harvested and centrifuged 3000×g for 15 min to remove dead cells. The virus was filtered through a 0.45 μm Steri-flip filter and then aliquoted and stored at −80°C until use. The collected viruses were used to transfect H1299 and A549 cells and 2 μg/mL puromycin was used after 48 h of transfection. After selection, these cells were plated into 96-well plate using limiting dilution. Clones were formed after about one week of cell culture. All formed clones were separately cultured in new plates and each of them was tested for TCF21 expression using western blotting. Clone with TCF21 knockdown was selected for further experiments.
Gene array
The extracted RNA was labelled with Cy3 dye using Agilent Low-Input QuickAmp Labeling kit (Agilent Technologies, Santa Clara, CA, USA) according to the manufacturer's protocol. The human genome expression assay was performed using the Whole Human Genome 4x44K Oligomicroarray kit containing 41,193 probes (60-mer oligo DNA, including control probes). Labeled RNAs were hybridized using a Gene Expression Hybridization kit (Agilent Technologies, USA). The microarray slides were scanned with the Agilent Microarray scanner and images were processed using the Agilent Feature Extractions version 9.5.
Western blotting
Protein was extracted by RIPA Lysis Buffer (Beyotime, Jiangsu, China) containing 1% phenylmethylsulfonyl fluoride (PMSF) (Sigma, USA). Equal amounts of samples separated by 10% SDS-PAGE and transferred onto a NC membrane (Sigma, USA). Membranes were blocked with 8% skim milk. Primary antibodies include anti-β-actin rabbit pAb (#A2668, Sigma-Aldrich, USA), anti-human ATG9A rabbit pAb (#SAB2100173, Sigma-Aldrich, USA), anti-beclin-1 rabbit monoclonal antibody (#3495, Cell Signaling Technology, Beverly, MA, USA), anti-TCF21 antibody (#ab32981, Abcam), anti-LC3-I/II rabbit polyclonal antibody (ABC929, Sigma), anti-p62 (#5114, Cell Signaling, MA, USA). In addition, anti-caspase-3, anti-cleaved caspase-3, anti-PARP, anti-cleaved PARP were purchased from Santa Cruz Biotechnology (USA). All antibodies were diluted in tris-buffered saline containing 0.1% (v/v) Tween-20 (PBST) and incubated with the membrane overnight at 4°C. After washing with PBST, membranes were incubated with horseradish peroxidaseconjugated goat anti-rabbit or anti-mouse IgG (Amersham Pharmacia Biotech, Piscataway, NJ, USA). Enhanced Chemiluminescence kit (GE Healthcare, UK) was used to detect the signals and exposed to X-ray film.
Statistical analysis
All data were shown as the mean ± standard deviation (SD). SPSS 15.0 (IBM, Armonk, NY, USA) was used for statistical analysis. The χ 2 test was used to analyze the correlation between TCF21 expression and clinicopathologic characteristics. Student t-test was employed to compare the differences between treatment and control groups. A p < 0.05 was considered statistically significant.
Results
Association between TCF21 expression and clinicopathological characteristics
To investigate the role of TCF21 in the progress of NSCLC, we firstly analyzed the association between TCF21 transcriptional expression and clinicopathological features in 100 patients with NSCLC whose tumor biopsies were collected over the last several years. Table 1 shows that TCF21 expression was significantly associated with tumor stage (p = 0.001), metastasis (p = 0.001) and invasion (p < 0.001). Lower expression of TCF21 significantly exhibited higher level of TCF21 promoter methylation (p < 0.001).
The effects of demethylation induced by 5-Aza treatment on H1299 cells
To reveal that DNA methylation is responsible for regulation of TCF21 transcriptional expression, H1299 cells were treated with 5-Aza, a DNA methyltransferase inhibitor. We found that cells treated with 5-Aza showed significantly lower level of TCF21 methylation and higher level of TCF21 expression compared with untreated cells (p < 0.01, Fig. 1a, b) . Additionally, 5-Aza treatment led to a remarkable decrease of cell viability (p < 0.01, Fig. 1c ) and increase of cell apoptosis (p < 0.01, Fig. 1d ). Reduced cell invasion ability was observed in cells treated by 5-Aza compared with untreated cells (Fig. 1e) . 
TCF21 knockdown enhances the growth and invasion of H1299 and A549 cells
To further confirm the role of TCF21 in cell viability, we next investigated the influence of TCF21 knockdown on the growth of H1299 cells. ShTCF21-expressing lentivirus was used to establish stable H1299 and A549 cell lines with TCF21 knockdown. The efficiency of TCF21 knockdown was assessed by qRT-PCR and western blotting. Significantly lower mRNA level and protein expression of TCF21 were detected in TCF21 knockdown cells compared with control (p < 0.01; Fig. 2a ). The methylation level of TCF21 promoter was downregulated in A549 cells with TCF21 knockdown (Fig. S1A) . Significantly elevated global DNA methylation level was observed in TCF21 knockdown cells compared with it in control (p < 0.01, Fig. 2b and Fig. S1B ). Conversely, downregulation of TCF21 increased cell viability (p < 0.01, Fig. 2c and Fig. S1C ), reduced cell apoptosis (p < 0.01, Fig. 2d and Fig. S1D ) and promoted cell invasion ( Fig. 2e and Fig. S1E ). Several apoptotic relative proteins were measured by western blot. The protein levels of cleaved PARP and cleaved caspase-3 were lower in TCF knockdown cells compared to them of its control cell line (Fig. 2d ).
TCF21 knockdown increased autophagy in lung cancer cells
By comparing the gene expressions between TCF21 knockdown and wildtype cells, we found that ATG9 and BECLIN-1 genes were significantly upregulated in TCF21 knockdown cells (Fig. 3a) . We then tested their protein expressions and the results showed that TCF21 knockdown in H1299 cells markedly enhanced the protein expressions of ATG9 (p < 0.01) and BECLIN-1 (p < 0.01) compared to control cells (Fig. 3) b. These results were also observed in A549 cells (Fig. S1F) . To further confirm the increase of autophagy induced by TCF21 knockdown, we measured the protein levels of LC3-I, LC-3II and p62 in H1299 and A549 cells. It was observed that the expression levels of LC3-I and -II were significantly elevated in TCF21 knockdown cells compared to it in control cells (p < 0.01, Fig. 3b ). However, p62 expression was significantly down- 
Inhibition of autophagy by 3-methyladenine promoted TCF21 expression and cell apoptosis
To confirm that TCF21 transcriptional expression was regulated by ATG9 and BECLIN-1 proteins, we treated H1299 cells with 3-MA autophagy inhibitor. Both ATG9 and BECLIN-1 protein levels were decreased in H1299 cells treated with 3-MA compared to them in control cells (Fig. 4a) . Although no significant change in protein level of LC3-I was observed after 3-MA treatment, the expression of LC3-II was significantly repressed. Interestingly, 3-MA treatment also significantly decreased the level of TCF21 promoter methylation (p < 0.01, Fig. 4b ). Accordingly, 3-MA treatment led to a significant increase of TCF21 expression in H1299 cells (p < 0.01, Fig. 4c ). The apoptosis activity was remarkably elevated in cells treated by 3-MA compared with it in control cells (p < 0.01, Fig. 4d ). These results suggest that autophagy may play a role in regulation of TCF21. We further investigated the correlation between autophagy and apoptosis using a caspase inhibitor, Z-VAD-FMK. We found that p62 expression level was significantly increased in Z-VAD-FMKtreated cells compared to untreated cells (p < 0.01, Fig 4e) .
Discussion
Clinical analysis revealed that more than 80% of patients with NSCLC showed hypermethylated TCF21 with reduced TCF21 mRNA level (Richards et al. 2011) in lung cancer patients (Anglim et al. 2008 ). Evidence has proven the level of TCF21 methylation was correlated with tumor stage, metastasis and invasion in gastric cancer (Yang et al. 2015) . In the present study, we found that TCF21 expression was significantly correlated with its promoter methylation level. The expression level of TCF21 is related to the tumor stages of patients with NSCLC. Our results also revealed that patients with lower expression of TCF21 were more prone to develop tumor metastasis and invasion. Although overexpression of TCF21 in mouse xenografts led to a decrease of tumor size was observed in a previous study (Smith et al. 2006) , another clinical data demonstrated there was no correlation between TCF21 methylation and tumor size (Dai et al. 2016) , which is consistent with our results. These results imply that TCF21 contributes to suppression of the progression of lung cancer. Downregulation of TCF21 was observed in almost all cancer cell lines (Richards et al. 2011) . A previous study reported that restoration of TCF21 expression inhibited the proliferation and promoted apoptosis of colorectal cancer cells (Dai et al. 2016) . Little is known about the effects of TCF21 on NSCLC cells. We treated H1299 cells with 5-Aza, a DNA methyltransferase inhibitor, and found that 5-Aza upregulated the expression level of TCF21 in H1299 cells. The expression level of TCF21 is negatively related with its promoter methylation level. Reduced cell viability and increased apoptosis were found in H1299 cells treated with 5-Aza compared with them in non-treated cells. It is well known that epithelial-tomesenchymal transition (EMT) plays a critical role in cancer progression (Thiery 2002) . Given the function of TCF21 in promoting the transition of mesenchymal into epithelial (MET) cells, silencing TCF21 by DNA hypermethylation may lead to a reduced cell ability of MET and therefore give rise to EMT and promote cancer cell invasion. Several studies have demonstrated that downregulation of TCF21 by methylation resulted in cell invasion and migration of melanoma, colorectal cancer and renal cancer. (Arab et al. 2011; Dai et al. 2016) . We found that cells treated with 5-Aza were more aggressive than non-treated cells. Accordingly, knockdown TCF21 reversed these observations. Silencing TCF21 resulted in increased expression levels of ATG9, BECLIN-1, and LC3-I/II. It is possible that TCF21 exerts an inhibitory function on ATG9 and BECLIN-1, and therefore may repress autophagy. ATG9 is a multimembrane-spanning protein and services as an important component in the formation of membranes for autophagosome (Noda et al. 2000; Yamamoto et al. 2012) . BECLIN-1 was first identified by Liang XH et al. in Liang et al. 1999 as an autophagic function protein in mammalian (Liang et al. 1999) . It was sequentially revealed that BECLIN-1 plays a critical role in the initial stage of autophagosome formation through the interaction with VPS15, the Class III PI3K VPS34, and ATG14 (Abrahamsen et al. 2012; Fu et al. 2013; Funderburk et al. 2010; He and Levine 2010) .
Autophagy could play either positive or negative roles in the progression of lung cancer. The regulation between cell apoptosis and autophagy is strikingly controlled. Normally autophagy could elicit cell death via activating apoptosis whereas increasing evidence has demonstrated that it also Fig. 3 Autophagy is increased in lung cancer cells after silencing TCF21. a The heatmap of differentially expressed genes identified in H1299 cells with TCF21 knockdown. The decreased and increased genes are indicated by red and green intensities, respectively. b ATG9, BECLIN-1, p62, LC3-I and LC3-II protein levels in H1299 with TCF21 knockdown were detected by Western blotting. Data were presented as the means ± SD from three independent experiments with triple replicates per experiment. **p < 0.01, indicate significant difference compared to normal group promotes cancer cell survival during therapy (Kondo et al. 2005) . In this study, it is difficult to conclude whether the increased autophagy is related with less TCF21 expression. It is possible that knockdown TCF21 promotes global DNA methylation, which further leads to increased autophagy that in turn enhances cancer progression. On the other hand, when we repressed autophagy by 3-MA treatment, it was found that global methylation level and TCF21 promoter methylation lever were both decreased. However, TCF21 promoter methylation was also suppressed by 3-MA treatment. Thus, autophagy may be positively related to DNA methylation and TCF21 promoter methylation downregulates the expression of TCF21, leading to the alterations in apoptosis. However, the methylation decrease may be caused by the 3-MA treatment or the change of ATG9 and BECLIN-1. No previous studies have demonstrated whether 3-MA, ATG9 and BECLIN-1 play roles in demethylation process. However, BECLIN-1 gene was found to be silenced in 40-75% of sporadic breast tumors (Li et al. 2010 ) and low expression of BECLIN-1 was associated with lymph node metastasis, advanced TNM stage and poor prognosis of gastric cancer (Cao et al. 2016) . Spontaneous lung cancer was observed in BECLIN-1 +/− mice (Qu et al. 2003; Yue et al. 2003) . Similar as TCF21, BECLIN-1 is also a tumor suppressor and low expression of BECLIN-1 may lead to autophagy deficiency and tumorigenesis. Recent clinical studies demonstrated that BECLIN-1 expression was predominant in heavy-smokers and significantly related to lymph node metastasis of NSCLC (Lv et al. 2015; Wang et al. 2015) . The controversial results mainly are due to the dual roles of autophagy in oncogenesis, which correlated with the stage of cancers . Few research has concentrated on the relation of ATG9 with lung cancer but high expression of ATG9 was observed in gastric cancer (Cao et al. 2016) . A previous study reported that 5-Aza treatment significantly downregulated BECLIN-1 in prostate cancer cell lines (Liao et al. 2016) . According to our results on H1299 cells treated by 5-Aza, it is possible that increased TCF21 expression by demethylation reduces BECLIN-1 expression. Further investigation is needed to confirm whether TCF21 directly suppresses BECLIN-1 and ATG9 expressions.
In summary, the expression of TCF21 was significantly regulated by the methylation level of TCF21 in patients with NSCLC and was associated with tumor stage, metastasis and d Annexin V/propidium iodide double-staining assay was performed to detect the apoptosis levels of H1299 cells with or without 3-MA treatment. e Activity of autophagy by testing p62 was verified by inhibiting the activity of apoptosis using inhibitor Z-VAD-FMK (20 mM for 20 min). Data were presented as the means ± SD from three independent experiments with triple replicates per experiment. ** p < 0.01, indicate significant difference compared to untreated cells invasion. TCF21 knockdown showed higher expressions of ATG9 and BECLIN-1. Inhibition of autophagy by 3-MA treatment significantly suppressed ATG and BECLIN-1 expressions, but elevated TCF21 expression and increased cell apoptosis. These results suggest that there is a correlation between autophagy and TCF21 promoter methylation. TCF21 expression is related to cell viability and invasion ability. However, the detailed relations between TCF21, autophagy and apoptosis need further investigations.
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